Two different medical measurement methods, which usually do not produce exactly the same results, are used to analyse the serum levels of folic acid in a blood sample. We assess the (dis)agreement of the available data in order to replace the old method (the reference method, which involves a lot of human intervention) with the new one (which uses mostly machines), without causing problems in clinical interpretation. The 95% limits of agreement are estimated, before and after a logarithmic transformation, and an appropriate use of regression and a nonparametric approach are also considered. The application of these different statistical techniques is very useful and easily interpreted by medical researchers, but the results obtained do not provide confidence that the new method can be used in place of the old one for clinical purposes.
Introduction
During a period of time, patients with different diagnoses (e.g. anaemia, encephalopathy, HIV, lymphoma, stroke problems, etc.) had taken folic acid with the aim of improving their general health. Subsequently, blood samples were collected and the continuous variable which represents the serum levels of folic acid in the blood (nanograms per millilitre, ng/ml) was measured using two clinical methods: RIA -Radio Immune Analysis (the reference method, which involves a lot of human intervention) and IMM -Immunolite (which is newer and uses mostly machines). In Table 1 we give the available measurements using RIA and IMM for a sample size of n = 68 individuals. We intend to evaluate how significant are the discrepancies between the measurements obtained using the two methods.
To analyse the agreement between medical measurements obtained by different clinical methods, several papers have used the Pearson correlation coefficient (which is not a measure of agreement, but a measure of association) and linear regression (which ignores the fact that both dependent and independent variables are measured with error); these statistical techniques can be misleading and inappropriate (see Altman and Bland, 1983; Bland and Altman, 2003 , 1999 , 1986 ). Thus we analyse the data set using graphical techniques 1 (involving simple statistical calculations, to determine 95% limits of agreement and confidence intervals), and also with an appropriate use of regression in order to quantify the (dis)agreement between the two methods (see Altman and Bland, 1983; Bland and Altman, 2007 , 2003 , 1999 , 1986 .
Statistical Techniques
To measure the agreement between clinical methods RIA and IMM, we estimate, in section 2.1, the 95% limits of agreement before and after the logarithm transformation of the data. In section 2.2 we apply a more general method used when the log transformation does not entirely solve the problem of complex variation across the range of measurement.
Limits of agreement approach
Examining observations relative to the identity line (RIA = IMM) in the scatter plot of Figure 1 , where method RIA is plotted on the x-axis and method IMM on the y-axis, we detect some dispersion of observations around the line which is not constant across the range of measurement (non-constant variance), and also a clear bias with the majority of observations lying to one side of the equality line (proportional bias). In Table 2 we give the mean differences, d (to estimate the bias, which ideally should be zero), and the standard deviation of differences, d s (to estimate the variation about d ), both to estimate the 95% limits of agreement
shown in Figure 2 (these provide an interval within which 95% of the differences between measurements by the two methods are expected to lie, if the differences are normally distributed). When we have large variation of differences, the limits of agreement are not small enough, which indicates some lack of agreement. Here we have four differences outside the limits of agreement, which corresponds to We use the histogram of differences, Figure 3 , to check the assumption of normality. The distribution of differences is skewed, and therefore does not match the normal curve (which can happen when there is a relation between differences and mean). Nevertheless we can estimate the limits of agreements, because this fact is not a serious problem in this context Altman, 2003, 1999) . When the difference between the measurements by the two clinical methods is related to the magnitude of the measurement, which is a common situation, we should try to remove this relationship. We use a simple logarithmic transformation of the data, which allows the results to be interpreted in relation to the original data. We can back-transform the limits of agreement from logtransformed data to obtain limits related to the ratios of measurements by the two methods (Bland and Altman, 1999) . Figures 4 and 5 show that the log-transformed data bring some improvement, although the relation between the difference and the mean still remains.
In Table 4 we give the mean and the standard deviation of differences, used to estimate the 95% limits of agreement, after log transformation. To get the limits of agreement on the original scale, we take the anti-logs of these limits, obtaining 0.521 and 1.500. Figure 6 shows that, as expected, the distribution of the differences, after log transformation, is approximately normal. 
Regression approach
According to Bland and Altman (1999) 
Based on this regression approach, the fit is greatly improved, particularly for high levels of folic acid, as shown in Figure 7 . However, although all the observations lie between the 95% limits of agreement, we still indentify a bias and an increase in the variance together with the magnitude of the observations. 
Nonparametric approach
For the cases where the between-method differences do not have normal distribution and/or there are one or more extreme discrepancies between the clinical methods, a simple nonparametric approach is also mentioned by Bland and Altman (1999) . Here, based on the sample size (n = 68) we consider the percentiles 5 and 95, which are superimposed on the scatter diagram in Figure 8 . The proportion of differences between these two percentiles is % 2 . 88 100 68 60    p and, with the estimated proportion, we construct a 95% binomial confidence interval, which contains the true proportion parameter 95% of the times the procedure for constructing the confidence interval is employed. The common formula for a binomial interval relies on approximating the binomial with a normal distribution, which is justified by the central limit theorem. So applying the general formula
we can conclude that between 80.1 and 95.9 percent of differences lie between percentiles 5 and 95 or, in other words, with a margin of error of 0.077 we have 88.2% of differences between the 5th and 95th percentiles. To evaluate the degree of agreement of medical measurements there are other interesting procedures for cases where repeated measurements are available (Carstensen et al., 2008) or under non-standard conditions (Choudhary and Tony-NG, 2006) , but these techniques are relatively more complex and therefore less attractive to medical researchers than those used in this study, which are easier to apply and give results that are simpler to interpret and very useful in practice.
The decision about what is an acceptable agreement is a clinical judgement.
Clinicians believed that, in spite of some inevitable lack of agreement, both clinical methods (RIA and IMM) were interchangeable, but the results obtained here cast doubt on that conclusion.
